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OBSTRUCTIVE SLEEP APNEA (OSA) IS A HIGHLY 
PREVALENT CONDITION AFFECTING 2% TO 7% OF 
ADULTS.1-3 THE PRIMARY TREATMENT FOR OSA, con-
tinuous positive airway pressure (CPAP) delivered by mask,4,5 
reduces daytime sleepiness,6 improves quality of life,7 lowers 
the risk of driving-related accidents,8 and is associated with re-
duced cardiovascular morbidity.9-12 Yet, many patients do not 
adhere to CPAP. Only one-half of subjects use the treatment ≥ 4 
h/day, a level frequently cited in the literature as a threshold for 
adequate use.13-17 Clinical factors have not been highly predic-
tive of CPAP adherence,13,16 and although recent work has sug-
gested that psychological attitudes may provide some important 
insights into patients’ willingness to adhere to CPAP,18-20 nonad-
herence to CPAP overall remains poorly understood.13,16,17,19-24
Low socioeconomic status is a risk factor for poor health out-
comes, including mortality,25,26 but its impact on CPAP adherence 
has not been well explored. Studies in this area have reported 
associations between individual race and CPAP adherence with 
limited adjustment for patients’ socioeconomic status.16,27,28 Our 
aim  was to determine the impact of socioeconomic status on 
initial, daily adherence to CPAP therapy. To do so, we examined 
both individual-level clinical and demographic characteristics 
as well as neighborhood-level measures of socioeconomic sta-
tus of the communities in which patients reside.
METHODS
Design and Study Population
We performed a retrospective cohort study of consecutive vet-
erans ≥ 18 years who were diagnosed with OSA (apnea hypopnea 
index [AHI] ≥ 5 events/h) and newly initiated on CPAP therapy 
at the Philadelphia VA Medical Center (PVAMC) from January 1, 
2005, to December 31, 2006. We excluded patients who had pre-
viously used CPAP treatment or resided outside the referral area of 
Pennsylvania, New Jersey, and Delaware. The institutional review 
board of the Philadelphia VA Medical Center approved the study 
and ethical standards were observed during the investigation.
Covariates
We retrieved individual data on age, sex, racial classification, 
marital status, employment status, medical comorbidities by the 
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Study Objectives: Adherence to continuous positive airway pressure 
(CPAP) therapy for obstructive sleep apnea is poor. Risk factors for 
nonadherence are not well understood but may reflect individual or 
neighborhood socioeconomic factors. We sought to determine the as-
sociation of socioeconomic status and initial CPAP adherence.
Design: Retrospective cohort study, 2005 to 2006.
Setting: Philadelphia VA Medical Center.
Participants: Of 330 consecutive veterans who met study criteria for 
initiation of CPAP therapy for newly diagnosed sleep apnea, 266 had 
complete data for study inclusion.
interventions: N/A.
Measurements: Through a multivariable logistic regression model, 
using an outcome of objectively measured CPAP use ≥ 4 h daily dur-
ing the first week of treatment, we tested whether patients from higher 
socioeconomic neighborhoods had higher CPAP adherence. We mea-
sured neighborhood socioeconomic status with an index derived from 
the 2000 U.S. Census at the block group-level composed of median 
household income, male and female employment, adult high school 
completion, married households, and minority composition.
results: CPAP adherence ≥ 4 h occurred on 48.9% of 1,805 patient-
days observed for the 266 subjects. After adjustment for individual 
sociodemographic characteristics and medical comorbidity, the prob-
ability of daily CPAP use ≥ 4 h ranged from 34.1% (95% CI, 26.4–42.7) 
for subjects from a low socioeconomic neighborhood (5th percentile) to 
62.3% (95% CI, 53.8–70.1) for subjects from a high (95th percentile) 
neighborhood.
Conclusions: In a retrospective cohort of veterans, initial CPAP adher-
ence was closely associated with higher neighborhood socioeconomic 
factors. Future investigation should target specific impediments to ad-
herence in the home and neighborhood environment.
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Charlson Index29 at the time of CPAP initiation. The Charlson 
Index is commonly used in outcome studies as a measure of 
adjustment for patient medical comorbidity.30,31 From clini-
cal notes and sleep study results, we confirmed the diagnosis 
of OSA, the body mass index (BMI), the Epworth Sleepiness 
Scale (ESS) score before initiation of CPAP therapy,32,33 AHI 
on the diagnostic sleep study, and the type of diagnostic sleep 
study used to make the diagnosis of OSA (in-laboratory, attend-
ed polysomnogram, or an in-home, unattended sleep study).
neighborhood of residence Socioeconomic index
We assessed the socioeconomic status of the neighborhoods in 
which veterans reside using data from the 2000 U.S. Census, at 
the level of a census block group, consisting of median household 
income, percent male and female employment, percentage of 
adults ≥ 25 years of age who graduated from high school, preva-
lence of married households, and racial composition (measured 
as percent nonwhite). We obtained the census block group-level 
data from 2000 census data (Geocode DVD Version 2.1, Geolyt-
ics, East Brunswick, NJ) and matched the data to the 9-digit zip 
code for each veteran in the referral area of Pennsylvania, New 
Jersey and Delaware using commercially available, geographic 
mapping software (AccuZIP6 4.0, Atascadero, CA). The census 
block group has an optimum size of 1,500 persons, generally 
ranging from 600 to 3,000 persons. We chose the census block 
group as the unit of analysis of neighborhood socioeconomic sta-
tus because it is the smallest geographic entity for which detailed 
income and employment data are available and because this sub-
division was used in a report that linked neighborhood socioeco-
nomic status to cardiovascular morbidity.34
Because of the high correlation among census variables, 
we performed principal component analysis using SAS (SAS, 
Cary, NC) to develop an index to designate overall neighbor-
hood socioeconomic status. A single factor, with a high Eigen-
value of 4.0, explained 67% of the information provided by the 
6 component census variables. The index was then standardized 
for the study population (mean [SD] value of 0.0 [1.0]) and 
modeled as a linear, continuous variable.
Sleep Studies
Veterans in the cohort were diagnosed with OSA in 1 of 2 ways: 
an in-laboratory, attended polysomnogram, or an in-home, unat-
tended sleep study. The in-laboratory study was performed either 
as a full-night diagnostic polysomnogram generally followed 
by a full-night CPAP titration polysomnogram or as a single 
split-night study. All in-laboratory studies consisted of standard 
recordings of electroencephalograms (C3A2, O2A1), bilateral 
electroculograms, electromyograms of the chin and legs, oxygen 
saturation by finger oximetry, nasal airflow, snoring, respiratory 
effort, heart rate, body position, and an electrocardiogram. For 
the in-laboratory studies, data were collected with an experi-
enced technician in attendance using Sandman software (Sand-
man Diagnostic Systems, Nellcor-Puritan Bennett Inc., Kanata, 
ON, Canada). For in-home testing, veterans were provided with 
a type 3 portable monitor (Suzanne Portable Recording System, 
Nellcor Puritan Bennett, Ontario, Canada; or Embletta, Embla, 
Broomfield, CO) that recorded nasal airflow, snoring, respiratory 
effort, body position, oxygen saturation, heart rate. Veterans di-
agnosed with OSA via an unattended study generally underwent 
an unattended automatic CPAP titration study (AutoSet Spirit, 
ResMed, Poway, CA) in the home for ≥ 3 nights. The in-labo-
ratory and in-home diagnostic sleep studies were recorded and 
scored according to the policies and procedures of the American 
Academy of Sleep Medicine.35,36
CPAP initiation
After the diagnostic sleep studies were performed, a board-
certified sleep specialist prescribed fixed CPAP to each veteran. 
The pressure setting was identified from the in-laboratory titra-
tion polysomnogram or the 95th percentile pressure recorded 
on the home automatic CPAP titration study. All veterans re-
ceived a CPAP unit (RemStar Pro, Respironics, Murrayville, 
PA) that recorded daily mask-on time, i.e., the time the CPAP 
circuit was pressurized at the prescribed level, on an electronic 
data card. The card was collected by a respiratory therapist dur-
ing a scheduled home visit approximately one week after deliv-
ery of the CPAP device, or by the subject’s mailing or bringing 
the card to the Philadelphia VA Medical Center. The first day 
of CPAP use was defined as the initial day during which any 
pressurized mask-on time was recorded by the CPAP electronic 
card monitor after delivery of the CPAP device to the veteran.
Outcome and Statistical Analysis
The primary outcome for all analyses was daily CPAP adher-
ence ≥ 4 h (versus < 4 h), measured daily over the first week of 
therapy as electronically-recorded mask-on time. We selected a 
threshold of ≥ 4 h/day because this cut-off is widely used in the 
literature13-17 and may be followed by physicians as part of the 
adherence monitoring printouts generated by the current gen-
eration of CPAP appliances.
We modeled the dependent variable of daily CPAP adherence 
as a dichotomous, repeated outcome variable. We used general 
estimating equations to perform multivariable logistic regression 
with an exchangeable correlation structure to account for within-
subject correlation of daily CPAP use (STATA 9.0; STATA Cor-
poration, College Station, TX).37 As CPAP use on the first night 
was observed to be shorter than that on subsequent nights, we 
included a within-patient factor indicating whether the night ob-
served was the first night versus the remaining nights.
In our model, we included a priori individual-level de-
mographic characteristics and the neighborhood of residence 
socioeconomic index. We then added any clinical exposure 
variable with a P-value ≤ 0.20 in univariate analysis with the 
outcome of daily CPAP adherence.38 Finally, we calculated the 
fitted probability of daily CPAP use ≥ 4 h/day for every unique 
value of the index, after setting the other covariates in the final 
model to their respective sample means, to provide a clinically 
meaningful, graphical presentation of association of socioeco-
nomic status and adherence.
rESULTS
Three hundred thirty patients met study criteria of newly 
initiating CPAP therapy for a diagnosis of OSA from 2005 to 
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2006. Of these, 266 (81%) with complete CPAP adherence and 
census block data were included in the analysis (see Figure 1). 
The study cohort had a mean (SD) age of 57 (12) years; 249 
patients (94%) were male, and 132 (50%) were black. The level 
of OSA disease severity was high, with a mean (SD) AHI of 
42 (29) events/h (Table 1). A comparison of the 266 subjects 
used in the analysis with the subjects excluded due to missing 
CPAP adherence (n = 45) or lack of an address match in the 
tri-state area (n = 19) demonstrated no significant differences 
in baseline demographic and clinical measures, neighborhood-
level census block group variables, or median CPAP use. The 
266 subjects were observed over 1,805 patient-days for a mean 
of 6.8 days (SD = 0.8) per patient. Across all patient days ob-
served, median CPAP use equaled 3.9 hours (interquartile range 
0.1–6.2) and CPAP adherence ≥ 4 h/day occurred on 48.9% of 
patient days observed.
Table 2 presents the crude and Table 3 the adjusted results for 
the association of individual and neighborhood-level charac-
teristics and initial adherence to CPAP treatment. Each census 
block group (“neighborhood”) level variable (median house-
hold income, percent male and female employment, percent of 
adults with a high school degree and, inversely, percent non-
white) was strongly associated with CPAP adherence, indicating 
that patients residing in neighborhoods with higher socioeco-
nomic status had substantially higher odds of adhering to CPAP 
treatment. As with each component census-based measure, the 
composite neighborhood socioeconomic index was closely 
linked to CPAP adherence. Higher scores on the neighborhood 
socioeconomic index were associated with substantially higher 
odds of daily CPAP adherence (adjusted odds ratio [OR] = 1.4 
for each standard deviation increase in the standardized index 
[95% CI, 1.2–1.7, P < 0.001]) (Table 3).
Figure 2 illustrates the association of neighborhood socio-
economic index and the expected probability of daily CPAP use 
≥ 4 h/day after adjustment for individual-level factors presented 
in Table 3. The adjusted probability of daily CPAP use ≥ 4 h/day 
ranged from 34.1% (CI, 26.4–42.7) for subjects from a low (5th 
percentile) socioeconomic neighborhood, to 62.3% (CI, 53.8–
70.1) for subjects from a high (95th percentile) socioeconomic 
index neighborhood (Table 4).
Among individual-level factors, patients who were married 
or employed had somewhat higher odds of daily CPAP use, 
but this association attenuated toward the null after adjustment 
(Tables 2 and 3). Individual race was not significantly related to 
daily CPAP adherence in crude or adjusted analyses. A racially 
stratified analysis revealed that the association of the socioeco-
nomic status index and CPAP adherence was similar among 
blacks (OR = 1.6 [CI, 1.2–2.1], P = 0.003) and whites (OR = 
1.5 [CI, 1.1–2.1], P = 0.02). A test for the interaction of race and 
the neighborhood socioeconomic status index was negative.
Of the clinical variables, only the Charlson Index29 was in-
cluded in the final model. To test for bias in this modeling as-
sumption, we added BMI, Epworth sleepiness scale, AHI, and 
method of diagnosis to the final adjusted model and found that 
these factors were not significantly associated with CPAP ad-
herence and did not affect the estimated probabilities of the as-
sociation of socioeconomic status and CPAP adherence (Table 
4). To test for bias in our method of categorizing individual 
race, we limited our sample only to subjects with individual 
race categorized as black or white (n = 243) and found a contin-
ued strong adjusted association of neighborhood socioeconom-
ic status and daily CPAP use (adjusted OR = 1.6 [CI, 1.3–2.0, 
524 – Subjects screened for study eligibility
330 – Eligible for Study
Newly initiated CPAP therapy for
obstructive sleep apnea diagnosed at
Philadelphia VA Medical Center
266 – Final study population
194 – Not Eligible
154 – Prior CPAP use
  32 – Diagnosis or CPAP titration performed at outside facility
    5 – Other primary sleep disorder (central apnea, narcolepsy,
          upper airway resistance syndrome)
    1 – BIPAP initiated before CPAP
    1 – Refused to receive CPAP appliance after titration completed
    1 – Diagnostic sleep study not performed due to critical illness
64 – Missing data
45 – CPAP download data not available
19 – Geo-coded address match in PA, NJ, or
        DE not available
Figure 1—Philadelphia VA Study Cohort (2005-2006). Legend: 
Abbreviations: VA, Veterans Affairs; OSA, obstructive sleep ap-
nea; CPAP, continuous positive airway pressure; BIPAP, bilevel 









































Figure 2—Adjusted Probability of Adherence to Continuous 
Positive Airway Pressure (CPAP), by Neighborhood Socioeco-
nomic Index (n = 266). Legend: Higher probability of daily CPAP 
adherence ≥ 4 h in the first week of therapy is associated with 
a neighborhood socioeconomic index derived from 2000 U.S. 
Census data at the census block group (“neighborhood”) in which 
patients reside. The index is standardized for the study popula-
tion (mean [SD] 0.0 [1.0]). The fitted probability for daily CPAP 
adherence is adjusted for individual age, race, employment status, 
marital status, the Charlson medical comorbidity index and CPAP 
use on the first day versus subsequent days. Abbreviations: CPAP, 
continuous positive airway pressure; SD, standard deviation.
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P = 0.007]). There were too few women in the study (6%) to in-
vestigate gender-related differences; however female veterans 
compared to males had similar neighborhood socioeconomic 
status index values (mean [SD], −0.2 [1.2] versus 0.0 [1.0], P 
= 0.51) and similar median (IQR) daily CPAP use (3.8 [0-6.2] 
versus 3.9 [0.1–6.2] hours per day, P = 0.37). We tested for bias 
relating to variation in the length of observed CPAP follow-up 
among veterans by excluding the 9% of subjects with < 7 days 
of observation and found no substantial differences in the esti-
mates. Lastly, as a sensitivity analysis regarding our outcome 
definition of daily CPAP adherence ≥ 4 h (versus < 4 h), we 
analyzed our final model using 2 alternate definitions of daily 
CPAP adherence: ≥ 2 h/day (versus < 2) and, alternatively, ≥ 5 
h/day (versus < 5). We found no substantial difference in the 
results among these three different outcome definitions (results 
not shown).
DiSCUSSiOn
In this retrospective cohort study of 266 veterans with newly 
diagnosed OSA initiated on CPAP therapy, adherence to CPAP 
was associated with a neighborhood-level socioeconomic sta-
tus index, independent of individual characteristics such as age, 
race, marital status, employment status and medical comorbid-
ity. As in some prior reports,16,17,21 CPAP adherence was not 
closely associated with clinical factors of BMI, AHI, and Ep-
worth Sleepiness Scale scores that are pertinent in the detection 
and diagnosis of OSA. Our results suggest that socioeconomic 
status is an important influence on CPAP adherence, a critical 
determinant of the effectiveness of treatment.
Differential rates of follow-up for OSA patients treated in 
public versus private hospital outpatient settings have been 
noted previously,39,40 although the influence of socioeconomic 
status on objectively measured, daily CPAP use has not been 
evaluated fully. Prior studies have either relied on patient self-
report of CPAP adherence or reported an association between 
race and CPAP adherence without adjustment for socioeconom-
ic factors.16,27,28 In contrast, our study is one of the largest and 
the most comprehensive to examine socioeconomic risk factors 
for CPAP adherence using objectively recorded daily mask-on 
time, and the first to demonstrate differences in daily CPAP use 
that are associated with the socioeconomic characteristics of 
patients’ neighborhoods.
Our observations are in accordance with prior literature that 
links individual25,41 and neighborhood34,42,43 level indicators of 
socioeconomic status to numerous poor health outcomes. A 
growing body of epidemiological research recognizes the in-
fluence of the characteristics of places people reside on health 
behaviors,44,45 health outcomes,46 disease burden,47 and mortal-
ity.48 Such research is receptive to the paradigm that disparities 
in health outcomes and health behaviors, such as CPAP adher-
ence, can be related to area-level differences as importantly as 
individual-level differences. In our study the persistence of an 
independent effect of neighborhood socioeconomic status on 
CPAP adherence suggests that features of the social environ-
ment are not omissible factors.
We cannot demonstrate a causal relationship between lower 
neighborhood socioeconomic status and poor CPAP adherence, 
and the mechanism remains unclear. Residual disparities relat-
P < 0.001]) without substantial change in the other variables in 
the model. No 2 subjects lived in the same census block group, 
so we did not need to adjust for geographic clustering. Adjust-
ing for distance the patient traveled to the sleep center, modeled 
as the log of miles from the veteran’s home to the sleep clinic, 
did not affect the association of neighborhood socioeconomic 
status and CPAP adherence (adjusted OR = 1.4 [CI, 1.1–1.7, 
Table 1—Baseline Patient Characteristics (n = 266)
Individual Characteristics Value







Employment Status, % 





 Charlson Index, median,
   interquartile range 1 (0-2)
 Hypertension (ICD-9), % 77.4
 Diabetes mellitus (ICD-9), % 51.1
 Coronary artery disease (ICD-9), % 30.1
 Chronic obstructive
   lung disease (ICD-9), % 28.2
Body mass index, mean (SD), kg/m2 34.9 (6.6)
Epworth Sleepiness Scale,§ mean (SD) 12.4 (5.8)
Apnea hypopnea index,|| mean (SD) 42.4 (28.5)
Type of diagnostic sleep study,
  In-laboratory (vs home, unattended), % 59.4
Neighborhood Socioeconomic
  Characteristics Mean (SD)
Neighborhood socioeconomic
  index,¶ mean (SD) 0.0 (1.0)
 Median household income, in thousands $39.0 (18.7)
 % Female employment 49.7 (15.0)
 % Male employment 58.0 (17.3)
 % Adults with high school degree 78.3 (12.0)
 % Married households 45.0 (15.0)
 % Nonwhite 48.8 (38.8)
Abbreviations: CI, confidence interval; SD, standard deviation.
*Race self-identified (86%), determined by provider notes (8%) 
or missing (6%). Other race category consists of Pacific Islander, 
Asian, and Indian American (n = 7) and race classification miss-
ing (n = 16). †Non-married patients: separated/divorced (26.3%); 
never married (21.1%); widowed (5.6%). ‡Other employment 
category: unemployed/disabled (10.2%) and no occupation listed 
(36.8%). §Epworth Sleepiness Scale assessed before treatment. 
Data missing for 16 subjects. || Apnea hypopnea index, in events 
per hour, on diagnostic sleep study. Data missing for 2 subjects. 
¶ The socioeconomic index is derived from principal component 
analysis of 2000 U.S Census data on median household income, 
percent female and male employment, adults with a high school 
degree, married households, and minority composition of the cen-
sus block group (“neighborhood”) in which patients reside.
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Limitations
Our study has several limitations. First, we examined a pre-
dominantly male, veteran population at a single regional referral 
center, which may limit generalizability. However, our estimate 
of the influence of socioeconomic status on CPAP adherence 
may be a conservative one, as veterans were not charged for 
visits, sleep studies, or provision of masks and equipment. In 
contrast, patients living in similar neighborhoods who receive 
care outside the VA system face wider variations in insurance 
status, copayments, and other benefits, and thus confront addi-
tional barriers in accessing medical care. Second, our study was 
retrospective and cannot conclusively address causal direction. 
Third, information on individual-level education and income 
was not available. Because neighborhood socioeconomic status 
may serve both as an indicator of the subject’s individual socio-
economic status as well as a marker for numerous environmen-
tal factors which affect adherence, we cannot more conclusively 
disentangle the impact of individual versus environmental ef-
fects on CPAP adherence. For example, individuals with rela-
tively low education may have greater difficulty understanding 
the CPAP education materials and instruction provided at the 
time of treatment initiation; alternatively, these low education 
ed to lower socioeconomic status may still intrude on adherence 
behavior even after patients surmount numerous obstacles to 
adherence such as clinic attendance, sleep study completion, 
CPAP equipment instruction and delivery, and return of the 
adherence download card. These residual disparities remain 
elusive but may be associated with such factors as economic 
hardship affecting living conditions and sleep patterns (e.g., 
worsening symptoms of insomnia among persons of lower so-
cioeconomic status);49 the ability to wear CPAP (such as access 
to electricity); competing threats to personal health, safety or 
well-being related to the neighborhoods where subjects reside; 
or differences in how technical knowledge is received and un-
derstood by patients or family members at various points of 
contact with health care providers. These disparities, operating 
at both the individual or neighborhood level, may be captured 
by census-derived indices of socioeconomic status and might 
form a set of competing concerns that could negatively affect 
subjects’ ability to adhere to CPAP therapy or, potentially, other 
types of medical treatment. Furthermore, to what extent the so-
cioeconomic factors identified here may correlate with psycho-
logical attitudes toward CPAP treatment previously evaluated 
in the literature,18-20 or other factors unmeasured in our study, is 
an important question for future research.
Table 2—Crude Association of Individual Demographic, Clinical, and Neighborhood-level Characteristics and Initial Adherence to Continu-
ous Positive Airway Pressure ≥ 4 h/day (n = 266)
  Crude Odds P
Variable Ratio (95% CI) Value
Individual Demographic Characteristics
Age, per 10-year increase 1.1 (0.9–1.2) 0.39
Race, versus white  
 Black 0.9 (0.6–1.2) 0.64
 Other* 1.0 (0.5–1.7) 
Marital status, married, versus not married 1.7 (1.2–2.3)  < 0.01
Employment status, versus other†  
 Occupation listed 1.4 (1.0–1.9) 0.18
 Retired 1.3 (0.7–2.4) 
Clinical Characteristics
Charlson Index, 2 or more, versus ≤ 1 0.8 (0.6–1.1) 0.20
Body mass index (BMI), per SD increase 1.0 (0.9–1.2) 0.63
Epworth Sleepiness Scale (ESS),§ per SD increase 1.0 (0.8–1.2) 0.99
Apnea hypopnea index (AHI),|| per SD increase 1.0 (0.9–1.2) 0.56
Diagnostic sleep study, unattended, versus in-lab 1.2 (0.9–1.7) 0.27
First day CPAP used, versus subsequent days 0.5 (0.4–0.6)  < 0.001
Neighborhood Socioeconomic Characteristics
Neighborhood socioeconomic index,¶ per SD increase 1.4 (1.2–1.6)  < 0.001
 Median household income, per SD increase 1.4 (1.2–1.6)  < 0.001
 % Female employment, per SD increase 1.4 (1.1–1.6)  < 0.001
 % Male employment, per SD increase 1.3 (1.1–1.5)  < 0.01
 % Adults with high school degree, per SD increase 1.4 (1.2–1.6)  < 0.001
 % Married, per SD increase 1.3 (1.1–1.6)  < 0.01
 % Nonwhite, per SD increase 0.8 (0.7–1.0) 0.02
     
Abbreviations: CI, confidence interval; SD, standard deviation; BMI, body mass index; ESS, Epworth sleepiness scale; AHI, apnea hypopnea 
index. *Other race category: Pacific Islander, Asian, and Indian American (n = 7); race classification missing (n = 16). ‡Other employment 
category: unemployed/disabled (10.2%) and no occupation listed (36.8%). §Eworth sleepiness scale assessed before treatment. Data missing 
for 16 subjects. || Apnea hypopnea index, in events per hour, from diagnostic sleep study. Data missing for 2 subjects. ¶ The socioeconomic 
index is derived from principal component analysis of 2000 U.S. Census data on median household income, percent female and male employ-
ment, adults with a high school degree, married households, and minority composition of the census block group (“neighborhood”) in which 
patients reside.
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supported by the finding in numerous studies that adherence at one 
week is highly correlated with subsequent adherence at 1 month, 
3 months, and 6 months14,16,50 Truncating our observation period to 
a 7-day window also avoided bias from the potential differential 
effect of interventions by sleep center staff on patients found to be 
nonadherent to CPAP after the first week of monitored therapy. 
Nonetheless, as a future direction it may be important to examine 
whether patient responses to educational, technical, or other spe-
cific initiatives to improve daily CPAP adherence vary over time 
by the socioeconomic factors reviewed. Lastly, we recognize that 
socioeconomic status is dynamic, and patients may move from 
one stratum to another during the given observation period. Such 
misclassification of exposure, however, might be expected to at-
tenuate the result rather than show one where none exists.
In summary, we have demonstrated in a veteran cohort an as-
sociation between high neighborhood socioeconomic status and 
higher adherence to CPAP, independent of individual demograph-
ic and clinical factors. Prospective investigation into how both the 
home and community environment influence adherence to CPAP 
therapy may identify targets of intervention to improve use among 
patients at highest risk for nonadherence. Further research will 
also be required to determine how such intervention programs 
could be structured, whether in the form of tailored education, 
more intensive monitoring or innovative means of follow-up.
ACKnOwLEDgMEnTS
We thank Jacqueline Ferguson, CRT, Elaine Dynako, RN, 
Avery Anderson, RRT, and Susan McCloskey, CRNP for their 
dedication in monitoring patient adherence. Dr. Platt presented 
the results from this paper in abstract form on June 9, 2008, at 
the 22nd Annual Meeting of the Associated Professional Sleep 
Societies, Baltimore, Maryland.
Funding: Dr. Platt received grant funding from Center for 
Health Equity Research and Promotion (CHERP), Philadel-
phia VA Medical Center, Philadelphia, PA and was supported 
individuals may face additional barriers by living in a neighbor-
hood where there are fewer individuals in the immediate envi-
ronment who can assist them with technical know-how or easy 
access to information sources such as the internet.
As a fourth limitation, we examined CPAP adherence over the 
first week of therapy instead of a longer time period, an approach 
Table 3—Adjusted Association of Individual and Neighborhood-
level Characteristics and Initial Adherence to Continuous Positive 
Airway Pressure ≥ 4 h/day (n = 266)
  Adjusted Odds P
Risk factor Ratio* (95% CI) Value
Age, per 10-year increase 1.1 (0.9–1.3) 0.21
Race, vs. white  
 Black 1.2 (0.8–1.8) 0.66
 Other† 1.1 (0.6–2.1) 
Married, vs. not married 1.4 (1.0–1.9) 0.08
Employment status, vs. other‡  
 Occupation listed 1.4 (1.0–2.0) 0.19
 Retired 1.1 (0.6–2.0) 
Charlson Index, 2 or
  more, versus ≤ 1 0.9 (0.6–1.3) 0.52
Neighborhood socioeconomic
  index,§ per SD increase 1.4 (1.2–1.7)  < 0.001
   
Abbreviations: CI, confidence interval; SD, standard deviation; 
CPAP, continuous positive airway pressure. *Adjusted for all the 
variables listed above and for CPAP use on the first day versus 
subsequent days in the first week of treatment. †Other race cat-
egory: Pacific Islander, Asian, and Indian American (7) and race 
classification missing (16). ‡Other employment category: unem-
ployed/disabled (10.2%); no occupation listed (36.8%). §The so-
cioeconomic index is derived from principal component analysis 
of 2000 U.S. Census data on median household income, percent 
female and male employment, adults with a high school degree, 
married households, and minority composition of the census block 
group (“neighborhood”) in which patients reside.
Table 4—Comparison of Crude and Adjusted Probabilities of Initial Daily CPAP Adherence ≥ 4 h/day, by Neighborhood Socioeconomic 
Index
Expected Probability of CPAP Use ≥ 4 Hours per Day, First Week of Treatment
Neighborhood Socioeconomic Crude association (n = 266) Adjusted for individual 
demographics & medical 
comorbidity† (n = 266)
Adjusted for individual 
demographics, medical 
comorbidity, and clinical 
sleep variables‡ (n = 248)
Index Percentile* % Probability (95% CI) % Probability (95% CI) % Probability (95% CI)
5th  34.9 (28.1–42.4)  34.1 (26.4–42.7)  33.7 (25.8–42.8)
Median  49.4 (45.4–53.4)  49.4 (45.3–53.5)  49.1 (44.9–53.4)
95th  61.7 (41.3–68.5)  62.3 (53.8–70.1)  62.2 (53.5–70.2)
Abbreviations: CPAP, continuous positive airway pressure; CI, confidence interval. *The socioeconomic index is derived from principal 
component analysis of 2000 U.S. Census data on median household income, percent female and male employment, adults with a high school 
degree, married households, and minority composition of the census block group (“neighborhood”) in which patients reside. †Adjusted for all 
variables in the final model (Table 3) including age, individual race, marital status, employment status, Charlson Index of medical comorbid-
ity, and first day of CPAP use versus subsequent days. ‡Adjusted for all variables in final model (Table 3) plus Epworth Sleepiness Scale, body 
mass index, apnea hypopnea index, and in-lab versus unattended sleep study for diagnosis of obstructive sleep apnea. Sample size equals n = 
248 for this analysis due to missing data on Epworth (n = 16) and AHI (n = 2).
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